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CO(NH2)2 + H2O → 2NH3 + CO2 
 
2NH3 + 2H2O → 2NH4- + 2OH- 
 
CO2 + OH- → HCO3- 
 










Find the suitable 
concentration of 
substrates 
Find and compare  



































 Find [Substrates] 
9 
CH4N2O (M) 0 0.6 0.7 0.8 0.9 1.0 1.1 1.2 
Concentration Table 
CaCl2 (M) 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 
10 
Centrifuged the medium to gain precipitate  
11 
















 Find [Substrates] 
13 
Monitored cell concentration by OD600 
14 
Monitored pH by using pH probe 
15 
Monitored urea consumption by detecting 
















 Find [Substrates] 
17 
Identified the morphology and component by 




















1 x 1 x 1 cm3 wooden box was used 
as a mole  
20 
Measured and compared the 
precipitate formed on 1st and 23rd Day 
21 
Logger Pro 3.9 was used to determine 




























Concentration of CaCl2 and urea (M) 
Calcium Chloride and Urea Concentration vs. Average 
Amount of Calcium Carbonate in B. licheniformis 



























Concentration of CaCl2 and urea (M) 
Calcium Chloride and Urea Concentration vs. 
Average Amount of Calcium Carbonate in B. 
megaterium 
0.7 M CaCl2 





























Concentration of CaCl2 and urea (M) 
Calcium Chloride and Urea Concentration vs. 
Average Amount of Calcium Carbonate in B. subtilis 
0.7 M CaCl2 



















































































Urea Concentration Before – After Finding 




Cubic Calcite Spherical Vaterite 
RESULTS 
#Identify 
 Ribooga Chang, et al. 2017  
30 
Experiment 
O Ca C Etc. 
Theory 











































































Suitable concentration of 
urea and calcium 
chloride were found. 
Bacillus subtilis  
Urea 1.1 M 
Calcium Chloride 0.7 M 
Monitoring results proved 
that the biocementation 










Possibility to use in 
real life situation 
Decrease the risk 
from repairing 
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